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(54) ORGANIC METAL CHELATE AND PREPARATION PROCESS THEREOF 
(57) Abstract: 

PURPOSE: An organic metal cholate and a 
preparation process thereof are provided, which 
organic metal chelate \q present In liquid phase 
at room temperaiurn and has low vaporization 
temperature, so thnt It can effectively prepare a 
oxide thin layer containing silicone or hafnium by 
chemical deposition. CONSTITUTION: An organic 
metal chelate represented by formula 1 Is 
provided, wherein M Is hafnium (Hf) or slllcono 
(Si); R le C1 to 04 alkyi: and m Is 2 to S. A 
proceae for preparing the organic metat chelate 
of formula 1 comprises reacting a metal compound of formula 2:(M(RN)4) or 3:(M(RO)4) with an 
amine compound in organic solvent, wherein tha mole ratio of metal compound and amine compound 
is 1:3 to 1:5; the reaction temperature is 0 to 100 deg. C; the reaction timo is 1 to 48 hours; and tho 
motal compound Is hafnium compound selected from hafniumtetradlethylamlne and 
hafniumtetraalkoxide. and sHlcone compound solcctod from siliconetetradiethylamino and 
alllconetetraalkoxide. 
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£ 2 



S. Ife -g- ^'SS^ ^Aloi)o)l oio]Ai Hf(dmae) 4 ♦ ^^^S. A>-g-t.V ofl 7l^7lSl ^^oj] 14= avn^-o) 
£ 2^ ^ ^'gsl -aAlo^lofl 5^0^^^ Hf(dmae) 4 s^- Si(dmae) 4 ♦ ^^^IS. Al-g-t.V ^-f <H1 7)^3) 
£ 3fe -g- ^^'l^l ^Ajoiioil 5a<H^i ^^e^t!: HfO 2 ^^'"^ ^^1^ s.^^* M-tf'-Ji^. 



■S- ^£^1 i^>-§- -a-^sv ;(i)s6)i -B-7l^# ^^^^^i SE-fe ^51^ ^ -^l^ ''ilsU-^, 3 

^£^1 7l#fi1 WVS^I :i^>2l a.t:f 7l#* ^^^o.S'^i ^l^ajo] A^:^^ t}^^ 

MOSFETCMetal Oxide Semiconductor Field Effect Transistor) ^2iS] 7\]o]s. -fi-^^^S. >^>-§-s1 ji ^ 
e)^ ^VSf^HSiO 2 ^^1* ^:i^l?l3l^ ii^o] o]^o^;^]j7 o^iu^.. ^1:^ o.im^ ^afl^i^ 20A ci^ys] 

5^-^ SiO 2 7> ja.^El^c-il, o]^^ ^-t^ TflolS iL^(B)2l 4^tg(iife time) ^i-± 

^^]^4r q-Bfvfl<H zi ^*fl5l ^l-rfcofl tF7fl7> Sicf. 

<>)B1^> ^45>7l ^Si) ^-a-^^O) ^om-Jl -B-^#<»1 fe^^ -B-^ Jl-?r^ 9^S\ 7ll^Vj!|. 

oil tfl^V ^^71- %^«n;^lJi ofl-I- l-ol. SiO 2 ^ -l-^^^i ZrO 2 . Hf 0 2 . «>S^^ e) 5^ S(hafnon, Hf 
SiO 4 ), ^l = a%-^Hl??]olS(zircon, ZrSiO 4 ) ^e<^^ ^1 ^-S^-ar-f-i^lMl "^IS, *>H^"y-^ 

^^■71 Hf^ i^S>fe ^V5^# ^^si- ^^^o_^^.-]^, wV-i-^^ RF >i3JlEl^ (reactive RF sputtering)^ ^x>a]f^zj-(el 
ectron beam evaporation)^^ ^-S- l-e)^ ^s]"^^ HfCl 4 l- A]-g-*>^ <§5|-# sl-^f^aKCVD), 

CVD ; Atomic Layer Chemical Vapor Deposition) §^ i^^^Sj-^o] .^t^, ^^^^^^eifl v]^ ^^^^^ 
^ ^^9-§r 7]5}-A]^ ^, M}-^^ ^sj-fe T^M. ^A^s>^ ^^-^^ •a^t^^S ^ 

71-^sH. 7>>i%=^ S^sM ^^s] ^A^i!)- ^3l-^£4 ;*ilo1^ ^ 5{ijl, cfli^^ 5 

^3E(large area uniformity)7> ^0} tH^^ ^^a^ ^-g-^ ^ 7]% K^ci^ ^-^o] gjo] ig-^y (gtep co 

verage)ol ^^t.V ^b^-^ ^ stJcf. 

^e) "a-s^^ ^^1-2^2)-^ Hf ^^^IS.^, HfCl 4 (-g-^ [Applied Surface Science 173, 15 (2001)] #2:), Hf(t-OBu) 
4 (t-OBu=tert-butoxide)(^^ [Journal of semiconductor technology and science 1(2), 95 (2001)] Hf(ac 
ac) 4 (acac=acetylacetonate)(STREMoi]Ai ^nfl), Hf(NO 3 ) 4 (&^ [Journal of The Electrochemical Society , 
149(1), G89 (2002)] #2:) ■f-'^l 9X^. 

:ns]i4, HfCl 4 SOOr^l^a] jL^<i^^ -tV^^-^-a- «>fe jO. SIjI, Hf(t-OBu) 4 •^'^J«>7l7l- alJil^ 

-8-ol«>ji :^^oflAl St-S-^ol ^Av+^7lojl Dfl^ 7V'^^-g-^ul- ^^^-S-o] -971] 'S'HVJ-cFfe la-^o] Sl^t^. 
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Hf(acac) 4 ^ Hf(tfac) 4 2^ P -tq?)lS.t|lolS>N] ^i^^lfe ^7)011 ^^^^^] t^^y]?} -g-olsW-jV 

1h^J*]-7l7]- o^Bl^ 7l-^ol alM>j7 ^JflsH ^^^^ ^^^1 ^^^1 ^s] 1- 

^^o] l4E^-u|.7l£ a^. Hf(NO 3 ) 4 el?>s.ofl -g-s;?n ^^l- Mr^^o] 

Si^ «VoV^ ^ o;i0.i4, 7j-^ 7>^1j1 0X0] S.^ ^ ^^Al Z^-^t!- ^Sl7> l^SVcf. 

^V^. <a^Vaj o.^ A>-g-5]ul ^fe Si ^^-B-7l^^#Sfe Si(OC 2 H 5 ) 4 2]. Si(OC 4 H 9 ) 4 7> gir^ (§-^(Scienc 
e 288, 319 (2000)]%2:). =L^^, o]* ^^^fe >ih'a-s) «y-^«|-o] 7l%^£7> 600X: ol^S" sl^Ho) ^-§-7l^i2)- ^-§- 
t}c^ ^^o] 51^ o^^^ 9X^. olfif Si i:}--!- ^^sflfif ^ah-8:3E. ^^7} 3.7\] nflg- 

itl-el-'^i. ^'^sl =^-^<Hl s-Ajoi ^-ooj, ^'-'S-^Hl^i #1^01 -§-ols}:ii, 

' I o 



^71 

M-a- Hf 2.^ Sio] j1, 



■^n^ 2 

M(RN) 4 



f^n^ 3 

M(RO) 4 
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^V7l ^ol]>|, M ^ 7g H><4 

-^7] 131 ^^#21 ;«il2:ofl A>-g.s|^ ^tJ-A] 2 ^ ^^ii 3^1 «l-=^ ^Hl^ ^S.^- S. 

-^1-71 *>H^ ^V^sf^ 5l?l-^» ^l^*>fe o>nl ^^l-Sl. «V^Al$^ ^ ^Vxgo] "3 Til 5]^C1], o] nfl 

°I 5l-^#Sl «}-§-H]#-g- l: 3 5Sl 1-Hl, S.$l o] ^n]7} v}^z\i}Jl, 0 ^7.] lOQ V. ^§^3] -SrSoll^l 

^^«>7«^ ^^aIt-I^x.-], iAl:jV 48 ^]:^ -i-o> Jilw}-^o.s.«| ^tflsl ^aj SJ-^^l-^ 90% oj^y-al ^ o. 

■g- ^'I'^l tt}-€- -R-71^^ 3}-^^ ^^<HlAi o^:^ ^^^^ 7>^ ^Jj^l^cho.^ #;<11*M #1^01 -S-olsl-Jl, ^71 ^<H1 
J^lSi* "fl ^-§-A^ol Sit:!-. £tF ^S-oflAiS #£7> ^o> «}-:£Sl] 4;>^l-8- ^13:^1 si :5i^SflSAi 

>H12:1- ^ Slcf. at!- ol* ^ ^^^1* 2^;^ 5. "g-^^^^ sl-S^ ^Bl?llom ^^'"S- ^12:7> 7>^5M, x]s.3. 
w ^el^flolH, •a-^^MlolH ^^S1 ^l2:oll£ 01-8-* ^ 9X^. 

^n^'^rS] 7]^^ tHl-ell- ol-8-3>7lul. -g-^ (liquid delivery method)* ^l-g-sH S}:-§-7lS ^<y€ 

^. ^^tb^^-OS. 7lil-7l5. ^-a^ 7l^7HAi 7l^Al5J] ^7ll- ^^Cf. -g-oAS] ^oj^ 

■§-el?^ ^'g5>7ll ^ Si^ 2:^71 (<:^1: LFM (liquid flow meter), aI^;;^] ^=(syringe pump) )♦ o] 

-8-tbcl-. 7l^7l -g-S^ 150 vfl^l 3001C "S^oflAi 7l^» ^2]^ § ^ ^^^s.S. -B-:*l*t:1-. 

Bl^e1ul->l5l-7ll- 1-4*11 A|A^^ ^7l^ 100 i^^l 550r^ -B-^lslfe 7m (<=fl : ^el^, SiO 2 . Pt, Ir, Ru, IrO 2 . 

^ '&^°\] 11)- = ^ ^^^]^ 150 Ml;=^l 260t: ^^^£1 wlS^I 7l^7l ^3E ^ 100 400V ^^^l ttls?^ 
7m ^£<HlAi£ ^£1- q-El-'i ^ sicl-. 

•g- ^'^^ ^Alofll- ^ig*>7]^ «;>S1, ^ ^'gol b:>71 ^aHS^V oVM^-. 

^Ajojl 1 : sf=^ ^Se1-(clTi|l^ol-nliioJ|s.A>ols.)(Hf(dmae) 4 )2l- -^21^ ^HH1-(i:1 D(|^o>nli^oli:^A].ol£.)(Si(d 
mae) 4 )2l :^l2: 

^^(water batW^flAi Hf(NEt 2 ) 4 («>Hw^S2l-cl<fl^o>?l) SEfe Si(NEt 2 ) 4 (^5l^^:E2l-i=l«ilo>^ 
)(4.67g, 0.01 moDl- Sj^KSOmDofl s^-sa 7>SH ^^^1 2|^a1^ c^-^, o^7H t:qiflm'>l]^*o>'a(DMAE)(4. 
42ml, 0.04mol)* ^^§1 ^7l-«^>ai^. €^«1 =S^^a1?^ 17 ifl^j 25 aI:?!- ^f-oV ^^a]^ ^, 41^^1?1 

Ji, ^*«M>H -g-^'lll- ^W}-^^. ^s^^^ °-!j*ll» l70r;oflAl %-aisl ^^1- (^*> 

90%). 

Hf(dmae) 4 

1 H NMR (C 6 D 6 300MHz) : 5 4.37(s, CH 2 . 8H), 6 2.61(s, CH 2 . 8H), 6 2.30 (s, CH 3 , 24H) 
Si(dmae) 4 

IH NMR (C 6 D 6 300MHz) : 6 2.51 (t, CH 2 . 8H), 6 4.06 (t. CH 2 . 8H), 6 2.17 (s. CH 3 . 24H) 
^aH] 2 : ^S.^ ^Sel-(clifl«ol.T3liiHS.^A>ol=)(Si(dmap) 4 )s\ :^]2i 
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^2}-^ SKNEt 2 ) 4 (^2^^^^IH^^-c^<Hllo>^)(4.67g, 0.01 moD* •¥- ^ ^<+(50ml)<^l 2:^-!^ 7}i}c^ ^ 

sl^^A]^ cf^, o^7loil c)D|ll = S.:^*o].ni(DMAP)(5.11ml. 0.04mol)-i: ^^Hl-SS^. ^ 

€*1 •S'^^lJi 17 25 :§.t> ^^a]^ ^, ^z^-Aj^lal. ^I^SMa^ -g-D||# ;«)l7]Sl-sacf. ^S^^^ ^-B: 
^» f'^^l^ a* ^-aisl ^Sicf (^•i:>90%). 

Si(dmap) 4 

IH NMR (C 6 D 6 300MHz) : 6 1.78 (t, CH 2 . 8H), 6 2.09 (t. CH 3 . 24H). 6 2.35 (t, CH 2 . 8H), 6 3.96 (t. C 
H 2 . 8H) 

Al^«4 1 : HfCdmae) 4 ij- Si(dmae) 4 ^t^^ -8-«Sa^ oi.;gA^ a]^ 

-§-ojjo] ^A]:^ °V^«l)o]: -gr^S^'^ofl A>^%v ^ o;it:^.. Hf £fe Si(dmae) 4 N-Yl°Hl^l°lS, N 

THF (tetrahydrofuran)2l- -§-t'll'>ll 0.1 M ^^S. ■%-^^]^ S.^ Al^ofl 14^ ^^sfl -§-0^0^ ^^s- 
S>Si:f. ZL ^4, 15<a 7l^> ^4 :^ofl£ -g-DHl Aj-^ojo] ^^#ol ^v^^g].^] ^5jj.4. £^V, Hf(dmae) 4 * C e 
D 6 NMR Al^-g- -g-^B-i- ;<fl2:t}^ ^, 7l?Vo)l n^-sf NMR i^^S^-i- ^^7]:^o] 

^4t!- ^ ^l^aiE^iJj. A]^ -g-ojj ^5*^^01 ^-aSl-^cf. 

7M Al^ ^4^^El .g. ^1^61] n^..g. 4!-#^ ^-R-t!- ^^^1 -8-^51 ^V^gA^* J^^^ ^ O.^ 4El->jt 

^Al 0^) 2 : Hf(dmae) 4 4 Si(dmae) 4 ♦ ol-g-t!- HfO 2 ^ SiO 2 

Hf(dmae) 4 4 Si(dmae) 4 ^.-^e] Si 7]:^ ^ofl ^7] HfO 2 ^ SiO 2 ^'"^^ 

Hf(dmae) 4 4 Si(dmae) 4 1- N-^lo>>1lBfl s ^^floil ^l-z^" O.IM ^:£7]- s]?!! ^^^J ;^]3i*l-Scf. 
ol -g-°-^* S}:-S-7lS. O.lml/^^ ^<a«1-^Ai ai-4i 300 seem, <i]- = ^ 300 seem^ ^^*l-<^, 

^-8-^^-8: 1.3 Torr7> 5]7Jl «>55li^. ^Sl-^^v-^^ a);^ ^sj-^zj-^^ ^}-%-^}%^. 

S. Ife 7]^7l2l ^£1- af^^A-l HfO 2 Aj ^^3^^ 7]^S] -S-^^ 370 o QS. -?r^m:^, 

IS^^V ^^*>Si4. -8-^°]^*^<^ ^T^^lfe 150 260r:°1lAi 71^5)^ S-A^* 7> 

^Ife ^o] M>^2!^i^), y^^s] ^^<^ HKdmae) 4 ^ £ l^fl v+El-ia v}<i\. rg-o] 220^^^^ 7}^ fe^ a^^^ 
£1- iL«^ 220t: ^£^Al 7>^ 7l^s.^^ 7V;^m Sl4. 

£ 2^ 71^71^ 22013 S Jl^Al7] ji Hf(dmae) 4 4 Si(dmae) 4 « A>-g-*M HfO 2 SiO 2 

«fl, 7]:e-^£oi) 11)-= A^^^£2] ^^1- v+El-HH cf. S. 2'>\]^^ ^^o] ^ 370t:<^lAi 7>^ 

-^l^ ^^1 alsaj ;^-l^ofl/,^ A^;^.^:^-. ^ofl v]^o] M. nfl HfCdmae) 4 4 Si(d 

mae) 4 ^ -^^^ ^^^^^ ^ ^ 

s. 3-a- 370t:ollA-i ^2)-^ HfO 2 c-v ^-a* ^^-dli^. ^^^s -a-^ni^* >^i-8-«>sm-. ^-¥- 

6X10 -4 cm 2 olt^ HVnvo] 690AolSicl-. £ 3^1 C-V ^Ad.^.S.YEl 28S.A1 -f^ 

HfO 2 ^^"^1 ^'H^^* =r Sicl-. 



(57) ^^^1 
1. 

«l-7l ^^A) IS. SAlsl^ -R-7l^# zv*: 
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\ I ^(C)„ 
/ O / o 

2 vfl:;^! 5ol4. 

^^tg- 2, 

3. 

2 

M(RN) 4 
3 

M(RO) 4 

^V7i i]ofl/,-l, M ^ R* l<HlAi :^^tb «1-S]- ^1^. 

4. 

<^1-'?I 2}-^*-8- 1:3 ifl^l i:5S| l-H]^ 0 iflJ^l IGO'Cofl^H 1 m^l 48 S}-§->^l^^ 

5. 

-^■71 ^^»c>l, e> = ^EilHe]-c1«^^o}.i;l ^ 5>S-^El)E2l.6^3.A].ol= Aiej:^ 1^ ol^S] ^j-a^ 

^s. sf^ iJ-^. 
5*)! 3«J-ofl'5a<H^i, 

7. 
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^1 1 €^^15. o]^i}c^ 7]st Aj-cH) «]-o^-^ ^^^}^ 

8. 

^^^1- 150 vfl^^l 260t: 'S^lSl ^S.oll>^i 7lS|-Al5'lfe ^^i^S. «>fe IJ-^. 
^T*-^ 9. 

7]^^ -StH* 150 ifl^l 400r ^^1^ ^^^S. HJ-^. 

10. 

^V7l «>-B^ol SiO 2 . HfO 2 , sl-H^^e)?flolE(hafnon. HfSiO 4 ), ^IS-S-fe-g el (zircon, ZrSiO 4 ) SE. 
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